use of polysorbate 80 as surfactant. The surfactant is reported to have several hypersensitivity reactions and shows incompatibility with common polyvinyl chloride intravenous administration sets (Gelderblom et al., 2001) . Also the dosing frequency is high. In order to eliminate the cons associated with polysorbate 80-based vehicle and to decrease the dosing frequency by providing drug for a longer time in circulation a well as at cancer cell, docetaxel loaded nanoparticles have been designed using biodegradabe and biocompatible polymer poly (lactic acid-co-glycolic acid) (PLGA). Also the release kinetics of the drug from the nanoparticulate system is analyzed to identify the release pattern (Immordino et al., 2003; Alexopoulos et al., 2004; Mu and Feng, 2003) .
Materials and methods

Materials
Docetaxel was obtained as a gift sample from SPARC Vadodara, Gujrat, India and PLGA (50:50) was purchased from Sigma, India. All other chemical reagents were of analytical grade and were used as received.
Preformulation studies of Docetaxel
Preformulation studies may be described as the process of identifying and screening of those physical and chemical properties of drug and excipients which are considered important in formulation of a stable, effective and safe dosage form. Thus, preformulation studies are performed in order to establish optimum conditions for developing desired drug delivery system.
Physical properties
The physical examination of the drug was performed in daylight and drug was observed for its appearance (Huynh et al., 2009; Huynh-Ba, 2008) .
Melting point
Melting point was determined in a melting point apparatus (Superfit, Mumbai, India). The drug filled capillary was placed in the apparatus and the temperature was raised gradually and temperature was recorded.
Partition coefficient
The partition coefficient is defined as the ratio of unionized drug distributed between the organic and aqueous phase at equilibrium. It can be calculated using the formula: P = o/w [C /C ] equilibrium. Accurately weighed ten mg of org aq docetaxel was transferred in a 25 mL volumetric flask containing 10 mL each of two immiscible phases, n-octanol and aqueous phase (PBS pH 7.4 or distilled water). The vials were placed on a wrist action shaker (Yorco, New Delhi, India) for 24 h. Phases were separated in a separating funnel and aqueous phase (PBS 7.4 or distilled water) was analyzed spectrophotometrically at λ 230 nm (Cintra 10 max GBC UV Visible spectrophotometer, Japan) for the amount of drug after making aliquot of suitable dilution. The concentration in the n-octanol phase was determined by difference and partition coefficient was calculated using the above formula (Table 1 ) (Dhanikula et al., 2007) .
Solubility studies
Solubility is defined in quantitative terms as the concentration of solute in a saturated solution at a certain temperature and in qualitative terms it may be defined as the spontaneous interactions of two or more substances to form a v/v homogeneous molecular dispersion (Martin et al., 2011; Singh, 2006) . Solubility of docetaxel was determined in water, phosphate buffer saline (PBS), methanol, ethanol, acetone, chloroform and dichloromethane (Table 2) .
UV spectroscopy
The UV scan was performed in the photometric mode in a Cintra 10 GBC UV Visible spectrophotometer, Japan in ethanol. Accurately weighed 10 mg of drug was dissolved in minimum quantity of ethanol and volume was made up to 10 mL using PBS (pH 7.4): ethanol (7:3) and scanned after appropriate dilutions between 200 to 400 nm ( Figure 1 ).
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FTIR spectroscopy
FTIR spectrum of docetaxel was obtained using FTIR spectrophotometer (Perkin Elmer-3600, U.S.A.) by KBr pellet method and the obtained peaks in spectrum were interpreted and compared with standard characteristic peaks. FTIR peaks of the docetaxel matched with the reference (Cheng et al., 2009 ). The results of interpretation are shown in figure 2.
Quantitative estimation
A spectrophotometric method based on UV-visible absorption provided convenient, precise and accurate mode to estimate the drug concentration in the microgram range. Estimations were carried out in PBS of pH 7.4.
Accurately weighed 10 mg of docetaxel was transferred into a clean and dry 100 mL volumetric flask, and the volume was made up to 100 mL with PBS (pH 7.4): ethanol (7:3) (Qiu et al., 2008) . Proper aliquots were prepared so as to obtain the range of 5-50 µg/mL. The absorbance of each concentration was determined spectrophotometrically at λ 230 nm (Cintra 10 GBC UV Visible spectrophotometer, max Japan) against PBS (pH 7.4): ethanol (7:3) as blank. The standard curve procedure was repeated three times and observations are recorded ( Figure 3 ).
Preparation of nanoparticles
PLGA nanoparticles (PLGA NPs) were prepared by emulsification -solvent evaporation technique as previously reported by Mody et al. (2014) with slight modifications (Mody et al., 2014 ). An organic phase was prepared by dissolved polymer (PLGA) in ethyl acetate (3% w/v). This phase was added to an aqueous phase (Pluronic F-68, 1% w/v) to form an emulsion. The obtained emulsion was undergone sonication (Soniweld, Mumbai, India) to break down emulsion into nanodroplets that resulted in formation of nanoparticles upon solvent evaporation by addition of deionized water with constant stirring on a magnetic stirrer (Remi, Mumbai, India). Further stirring (3000 rpm) at room temperature for 3 h was carried out to obtain stable dispersion of NPs (Figure 4 ).
Characterization of prepared PLGA nanoparticles
Particle Size and Zeta potential Analysis
Lyophilized Docetaxel nanoparticles were suspended in phosphate buffer saline to make a 1% solution. Then particle size, polydispersity and zeta potential were measured by Malvern Zetasizer (Malvern, USA) (Das et al., 2005) .
Particle shape and surface morphology
Scanning electron microscopy (SEM) analysis of the prepared Docetaxel nanoparticles was carried out to study the morphological properties. The dried samples were mounted on brass specimen studies, using double sided adhesive tape. Gold-palladium alloy of 120˚A knees was coated on the sample using sputter coating unit (JEOL-JSM-6490LV SEM analyzer, USA) in Argon at ambient of 8-10 Pascal with plasma voltage about 20 MA. The sputtering was done for nearly 5 min.
Entrapment efficiency
Docetaxel nanoparticles were separated from the aqueous suspension medium by ultra-centrifugation at 8000 rpm for 30 min. The amount of free docetaxel was determined by UV quantification method as reported earlier. The percentage entrapment for the formulation was calculated by the following equation (Bhandari and Kaur, 2013) :
Cumulative percent drug release
In vitro release of Docetaxel from the PLGA nanoparticles was evaluated using dialysis bag diffusion method. First, 10 mg of lyophilized Docetaxel-loaded nanoparticles was suspended in PBS (pH 7.4). The solution was then placed into a dialysis bag and immersed into PBS, at 37°C with gentle agitation. The incubation medium was sampled at various time points to monitor the docetaxel release rate. After sampling, equal volume of fresh PBS was immediately added back to keep the constant volume of the incubation medium. Drug released was estimated using UV method as reported in earlier section. The concentration of www.ajpp.in 
Kinetic treatment of dissolution data
In order to describe the kinetics of the release process of drug from the different formulations, models were fitted to the dissolution data of formulations using non-linear regression analysis. In vitro release data was fitted to various release models i.e.: Peppas, Hixon and Crowell, Higuchi Square Root 2 Time and First Order. The determination coefficient (R ) and Sum of Squares of Residuals (SSR) were used as the indicators of the best fit to release data for each model.
Statistical analysis
In vitro drug release kinetics model fitting was carried out using Sigma Plot for Windows Version 11.0 (wpcubed GmbH, Germany). A difference with p ≤ 0.05 (i.e. 5% level of significance) was considered to be statistically significant.
Results and discussion
Docetaxel was obtained as white crystalline, odorless powder. The physical appearance, color and crystalline nature of the drug were found to be similar to that reported in official literature. The melting point of docetaxel was found to be 188±1°C that was in the range mentioned in Drug Bank. The log P values observed were found to be 2.5 and 2.61 for docetaxel in PBS (pH 7.4), and distilled water, respectively suggesting hydrophobic nature of the drug. On UV scan a sharp peak of drug was obtained at 230 nm in PBS (pH 7.4): ethanol (7:3). The data matched with the standard λ as reported in I.P. 2010. The peaks in IR spectrum of max drug were in accordance with that of reported literature (Cheng et al., 2009) . The standard curves of the drug were prepared using UV absorption method at λ 230 nm in PBS (pH 7.4): max ethanol (7:3) using the stock prepared in ethanol. A straight line 2 was obtained in all the cases in the range of 5 to 50 µg/mL with R values greater than 0.99. This confirms that Beer Lambert's law was followed in the used range in UV spectroscopy. It can be concluded that the gift sample of docetaxel was authentic and results of this study were in conformity with the standards given in official monographs. Particle size, size distribution and surface charge of nanoparticles were determined using Zetasizer (Malvern ZS 90, UK) . The average size of the PLGA nanoparticles (PLGA-NPs) was found to be 147±2.7 nm. Zeta potential is one of the most important indices to evaluate nanoparticulate suspension stability. The value of the zeta potential was found to be -8.7±0.54 mV for PLGA-NPs due to the presence of terminal carboxylic groups in the polymer. SEM image of nanoparticles showed that particles were spherical in shape and do not show considerable variation in shape as evident from figure 5. The results are in accordance with previous report (Moosavian et al., 2016; Pillai et al., 2015; Yamashita et al., 2018) .
Percent drug entrapment was calculated using Sephadex G-50 column.Entrapment efficiency of the nanoparticles was found to be 64.34±1.53%. In vitro release behavior in media of Phosphate buffer of pH 7.4 was also determined. A biphasic drug release pattern was observed with Drug released from PLGA nanoparticles as compared to plain drug solution ( Figure 6 ) which confirms the time dependent slow and sustained release behavior of drug from nanoparticles. In physicochemical characterization, PLGA NPs were of nanometric size (147±2.12 nm) with narrow PDI (0.178±0.021). Zeta potential and %EE of these NPs were -8.7±0.54 mV and 64.34 ± 1.53%, respectively.
Mathematical models help predict the drug release rates and diffusion behavior from these systems by the selection of the best fit model. It is reported for spherical particles n ≤ 0.5-Fickian diffusion, n = 0.5-0.85 -Anomalous (non-Fickian) diffusion, n = 0.85 -Case II transport, and n > 0.85 -Superwww.ajpp.in Figure 5 . Scanning electron microscope image of docetaxel loaded poly(lactic-co-glycolic acid) nanoparticles Figure 6 . Cumulative percent drug release in PBS (pH 7.4) case II transport (Jain and Jain, 2016b) . In all cases, n was found to be around 0.5 which indicated Fickian diffusion and biphasic release pattern (Table 3 ). The kinetic treatment of in vitro release data revealed the biphasic drug release pattern. The biphasic release comprises of two phases i.e. immediate release phase and sustained release phase (Jain and Jain, 2016a) . The immediate release phase is indicated by the initial burst effect showed th during drug release at 8 hr. The initial burst effect could be due to dug near or on the surface of the nanoparticles. The drug th continued to release in sustained manner till 24 hr indicating the sustained release phase of biphasic release pattern (fickian diffusion) which is characteristic of Higuchi release model.
Conclusion
Docetaxel is hydrophobic in nature and it is insoluble in water. It has partition coefficient (n-Octanol 
